Effect of the crystal size on the X-ray diffraction patterns of isolated
  orthorhombic starches: A-type by Rodriguez-Garcia, Mario E. et al.
Effect of the crystal size on the X-ray diffraction patterns of isolated starches 
Mario E. Rodriguez-Garciaa,*, Sandra M. Londoño-Restrepob, Cristian F. Ramirez-
Gutierrezb, Beatriz   Millan-Maloa 
aDepartamento de Nanotecnología, Centro de Física Aplicada y Tecnología Avanzada, 
Universidad Nacional Autónoma de México, Campus Juriquilla, Querétaro, Qro., C.P 
76230. México. 
bPosgrado en Ciencia e Ingeniería de Materiales, Centro de Física Aplica y Tecnología 
Avanzada, Universidad Nacional Autónoma de México, Campus Juriquilla, Querétaro, Qro., 
C.P 76230. México. 
*Corresponding author: Mario E.  Rodríguez-García, Departamento de Nanotecnología, 
CFATA, UNAM, Querétaro, Qro, México. E-mail: marioga@fata.unam.mx, Fax: (+52-
442-2381165  
 
Abstract:  
The starch polymorphisms A, B, C, and V, which had been reported in the literature, is 
commonly accepted. However, these have not been well interpreted according to their X-ray 
diffraction curves. A simulation of the effect of the crystal size on the shape and width on the 
wide-angle X-ray scattering curves shows that the so-called “patterns” of starches are 
governed by the scattering due to the nanometric size of the crystals. The peak at 5.64° which 
is present in some isolated starches does not identify any polymorphism. This peak could be 
the result of a lamellar formation. For isolated starches, the scattering produced as an effect 
of the crystal size governs the X-ray diffraction curve, then the calculation of the crystalline 
percent or quality does not make any physics sense, and so far, the separation of scattering 
and diffraction in an X-ray diffraction curve is not possible. 
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1. Introduction 
Starch is a “microparticle” mainly formed by two macromolecules called amylose and 
amylopectin, being one of the most important carbohydrates in nature. Different starch 
sources are coming from tubers, fruits, cereals, seeds, legumes, among others. The uses of 
native and modified starches are directly related to their physicochemical properties. One of 
these properties is the crystalline structure, but the literature does not provide answers to 
many questions regarding starch architecture or crystalline structure for amylose and 
amylopectin (Tester, Karkalas, & Qi, 2004). Therefore, it is still an open problem from a 
physics point of view with strong influence in the food industry. 
All crystalline materials in nature are structurally classified by the form where the atoms are 
arranged in a lattice which is a mathematical abstraction called Bravais lattices (see Fig. 1) 
(Kitel, 1996). In each one of these materials, the minimal number of atoms that is repeated 
in each point of the lattice forms the atomic base. The atomic base and the lattice form a 
crystal by three-dimensional translations.  
 
It is well known that some materials present more than one crystalline structure, as it is the 
case of carbon that forms three-dimensional polymorphic structures such as graphite with 
hexagonal structure, the diamond with face center cubic (FCC) structure, and graphene which 
is a two-dimensional structure. Polymorphism is defined as the ability of any material to be 
in more than one crystalline structure. It can be found in many crystalline material that 
include minerals, semiconductors, and metals, and it is relevant in some fields such as food, 
pharmaceutical, pigments, and agrochemical due to their physicochemical properties depend 
strongly on the crystalline structure.  
Powder X-ray diffraction techniques are normally used to study nanosized systems because 
these are nondestructive techniques. However, the conventional X-ray diffraction technique 
(wide-angle X-ray scattering: WAXS) has some limitations that complicate the analysis, as 
it is the case of soft matter and organic nanoparticles.  Soft matter is a variety of physical 
systems such as liquids, polymers, colloids, granular materials, and biological systems, where 
the interpretation and analysis of X-ray diffraction and scattering data (WAXS) are not 
adequately considered. In fact, it is an emerging study area (Stribeck, 2002).   
In these materials, the length distribution of the molecular chain (molecular mass 
distribution) and the crystal size distribution or heterogeneity of structural entities like fibrils 
or lamellar stacks, play a very important role to the X-ray diffraction pattern. It is usual to 
confuse the diffracted peaks produced by a sample that has low crystalline quality with peaks 
from a nanocrystalline material, as in both cases, samples produce broad diffracted peaks. 
Such could also be the case of starchy materials (Stribeck, 2002). 
 
Regarding polymorphisms in starch, four types have been reported: A, B, C, and V type. A-
type, that is mainly present in cereals; according to Donald (2004), it has a “monoclinic” unit 
cell with space group B2 and eight water molecules per unit cell.  B-type for starches from 
most tubers and roots that according to Zobel (1988), crystallize with “broad” and “weak” 
peaks located at about 5.5 and 17.2° in 2θ scale. While, C-type is considered a superposition 
of the A and B types (Imberty et al., 1988; Imberty & Perez, 1988). Finally, V-type is 
characteristic for amylose complexed with fatty acids and monoglycerides, which took place 
after starch gelatinization, thus, this type hardly ever appears in native starches. Nonetheless, 
it has not even reported at least three diffracted peaks to identify this complex.  
 
There is a considerable amount of information in the literature that contradict one another; 
until know, it has been proposed many crystalline systems for starches, but the existence of 
these polymorphisms has not been proved. Imberty et al. (1988) proposed a 3D structure for 
B-type starch with a unit cell that contains 12 glucose residues and parallel-stranded double 
helices packed where 36 water molecules are located between them. They reported that 
amylose chains crystallize in a hexagonal lattice that belongs to the P6 space group, with 
lattice parameters a = b = 1.85 nm and c = 1.04 nm. Nevertheless, the structure reported for 
amylose in the Powder Diffraction File (PDF) emitted by the Joint Committee on Powder 
Diffraction Standards (JCPDS) with card No. 43-1858, is orthorhombic I with the following 
lattice parameters a=10.69, b=11.72, and c= 17.71 nm.  Although the information to develop 
this card was described by Imberty et al. (1988), they reported that the amount of diffraction 
data is not sufficient to attempt a structure elucidation through conventional crystallographic 
methods. Imberty and Perez (1988) pointed out the attempts to get an unambiguous 
understanding of the crystalline arrangement have not been established due to the inadequate 
amount of data, the small crystalline size that is in fact in the nanometric scale, “the 
imperfection of the crystallites”, and the large unit cell.  Regarding C-type, the said finding 
does not make a physics sense from a crystallographic point of view because any structure 
must have one of the 14 Bravais lattice described in Fig. 1. In a summarized manner the 
following structures had been proposed:  orthorhombic (Blackwell, Sarko, & Marchessault, 
1969; Imberty et al., 1988; Kreger, 1950; Rundle, Daasch, and French 1944; Spark, 1952), 
monoclinic (Kainuma & French, 1972), and hexagonal (Cleven,  Van den Berg, &  Van Der 
Plas, 1978; Donald, 2004; Hsein-Chih, Wu, & Sarko, 1978; Imberty & Pérez, 1988). 
 
On the other hand, according to Gernat et al. (1993), when two materials are combined, a 
chemical reaction can or cannot take place; when a WAXS measurement is taken, its 
diffraction curve will change as a function of this fact. If there is a chemical reaction, two 
results are expected: the formation of an amorphous material or a new crystalline phase or 
phases. Thus, some changes can be seen in the diffraction curve or pattern concerning the 
initial samples before any chemical reaction: in the first case, the amorphous material will 
contribute to the background, but in the second case, new peaks will be found. Here, it is 
worth noting that diffraction curve is referred to a kind of X-ray diffraction pattern, but for 
nanometric crystals that contribute to the pattern with scattering. Then, broad peaks without 
any relation with the crystalline quality of the sample are found.  
It is important to point out that any of the fourteen Bravais lattices must correspond to the 
new crystalline material. However, when the chemical reaction does not take place, the 
WAX curve is a superposition of every single curve from the initial materials since any 
new phase is not present. Then, if it is reported as a new structure, as it is the case of C-type 
starch, it does not make physical sense.  
 Figure 1. Bravais lattice for crystalline structures in nature. 
 
According to Imberty et al. (1991), the difference between A and B-types arises from the 
water content and the manner in which these pairs are packed in the respective crystals. 
However, there is no information about the crystal type to classify them. On the other hand, 
these authors reported that native starch granules produce diffraction patterns with low 
crystalline quality and crystallinity percent from 15 to 45%. But, this is a misinterpretation 
of the diffracted curves since these patterns are obtained from starches nanocrystals.   
 
The primary approach to identify a crystalline structure is using a PDF. The identification is 
obtained by comparison of the diffraction curve of the studied sample (diffracted peaks) and 
a known standard or a database in which the allowed diffracted peaks and their Miller indices, 
as well as the experimental and calculated intensities, are reported. Notwithstanding, starches 
samples have been identified by using a PDF (JCPDS card No. 43-1858) that corresponds to 
amylose. On the other hand,  amylopectin does not have a reported card until now. At this 
point, it is important to recall that the peak located at about 5.64 in the 2θ scale used to 
identify the B-type of starch, has not been reported in any powder diffraction file. In fact, 
there are not any powder diffraction files for the types of starches.  
 
Putaux et al. (2011) prepared A-type single crystals in diluted water/acetone solutions by 
“crystallizing” fractions of short chains of in-vitro biosynthesized amylose. They found that 
the double helices were oriented along the c-axis crystal and packed in a parallel into lamellae 
with a parallelogram cross-section defined by the a and b axes of the “monoclinic” unit cell. 
In this case, the obtained monoclinic structure does not necessarily correspond to the amylose 
or amylopectin structures present in a native starch. 
Lamellar materials are composed for systems of rather small “crystals” (usually a few tens 
of nanometers, where some layers are perfectly parallel with well-defined translations 
between them (Plançon, 2002; Plançon & Tchoubar, 1977). The presence of defects induces 
variations in the d-spacings in the crystal that promotes lamellar formation. The scattering in 
the X-ray curves is also coming from the small difference in the unit cell parameters and 
change in the  periodicity of the crystals.  According to Jenkins et al. (1993) and Sanderson 
et al. (2006), A and B-types crystals can undergo an agglomeration process to form lamellae 
structures with an average repeat distance between 8 to 10 nm. However, the crystal 
aggregation is not a habit growing process to produce lamellae structures. 
According to Wennerström (2014), scattering and diffraction are generally described 
separately, but from an X-ray diffraction point of view, they are so closely related that in a 
conceptual description, they are considered as basically the same phenomenon. The 
difference is in the long-range order exhibits by the sample for diffraction.  
 
The objective of this work is to propose an interpretation of the Wide Angle X-ray Scattering 
(WAXS) of starches obtained from several sources such as corn rich in amylose and 
amylopectin, jicama, potato, achira, cassava, Peruvian bean, lentil, and plantain. The 
proposed physical explanation considers the effect of the nanometric size of the crystals into 
these starches on the so “called” X-ray diffraction pattern of amorphous bio-polymers. 
Furthermore, an interpretation of the peak located at a low diffraction angle (5.64º), which is 
usually observed in starches from several sources, and has been established as a characteristic 
peak for B-type starch identification without a physical explanation, is studied in detail. The 
concept of crystalline percent calculated from the whole X-ray diffraction patterns is revised 
in detail. Finally, the PDF-4 software is used to simulate and study the effect of the crystal 
size on the shape of the diffraction patterns, although this program does not consider the 
amorphous contribution.  
 
 
2.. Materials and methods 
2.1. Starch sample preparation  
Starch from different sources (e.g. fruit as plantain, tubers such as potato, cassava, achira, 
and jicama, legumes as lentil and Peruvian bean) were obtained following the methodology 
proposed by Londoño-Restrepo et al. (2014) briefly:  200 g of sample and 800 mL of 
distilled water were ground in a blender for 2 min, and then the slurry was passed through a 
sieve mesh 100 (125 µm). The starches were stirred and washed with distilled water to 
avoid mineral interference to obtain isolated starches. The liquid that passed through the 
mesh stood still for 12 h at 4 °C, afterward, it was decanted. The isolated starches were 
dried in a vacuum furnace for 12 h using 1.33 Pa and 40 °C to avoid starch damage. The 
dry sample was milled again and sieved through a 100 mesh (< 147 μm).  Corn starch rich 
in amylopectin (pcode: 100952946) and corn starch rich in amylose (lot: 64H1025, A-
7043) from Sigma-Aldrich (Germany) were also studied in this work. All analyzed samples 
were defatted before any analysis. 
 
2.2.  The nanocrystalline character of starch 
It is well known that any starch is composed of nanocrystals. Haaj et al. (2016) studied starch 
nanocrystals obtained through ultrasound (particle size of 38 nm), as well as after an acid 
hydrolysis treatment (58 nm particle size), starting from waxy maize starch. They reported 
that native waxy-maize exhibits the A-type structure and a crystalline index (CrI) around 
47%. The X-ray diffraction patterns for the samples show broad peaks and high similitude. 
It is well established that nanoparticles produce X-ray diffraction “curves” patterns with 
broad peaks due the scattering of the nanocrystals.  Here, it is important to emphasize that 
there is a difference between crystalline starch nanoparticles (CSN) that are present in native 
starch and starch-based nanomaterials that are obtained by different crystallization or re-
crystallization processes. Gonga et al. 2016 showed that the starch nanocrystals (5–10 nm) 
obtained by an acid hydrolysis exhibit a similar crystalline pattern to the maize starch 
granules classified as A-type starch, that is to say, these patterns showed broad peaks.  This 
fact supports the contention that the crystal structure of the as-prepared CSN is inherited from 
the crystallinity of the normal corn starch granules that is characteristic of monoclinic unit 
cells. It means that the native and isolated starches are composed of nanocrystals and that the 
interpretation of the X-ray diffraction patterns must be analyzed in detail. 
 
2.3. The crystalline percent calculation through the X-ray diffraction pattern 
Along time, different researchers have published the quantification of the crystalline percent 
or crystalline index for different isolated starches from several sources. However, in this 
section, the focus is centered on some representative works to clarify some misunderstanding 
about the possibility to obtain information about this parameter through an X-ray diffraction 
pattern.  Gonga et al. (2016) reported the crystalline percentage for starch nanocrystals and 
starch nanocrystal obtained by the acid method from 33.4% to 35.2%. However, if the X-ray 
diffraction pattern corresponds to nanoparticles, the shape and broad peaks are governed by 
the X-ray scattering, it means that the curve does not correspond to pure diffraction because 
it is also formed by the scattering signal. Then, the calculation of the crystalline percent or 
crystalline index does not make any physics sense. In fact, these authors showed TEM images 
in which it is clear the existence of high ordered regions that have high crystalline order and 
some amorphous areas formed by the sintering acid process.  Amini and Ali Razavi (2016) 
used the same procedure to calculate the crystalline quality of starch nanocrystals, and they 
found values from 28.1 to 36.6%, but again, the X-ray diffraction patterns “curves” 
correspond to nanocrystals. They also showed TEM images, but the calculation of the 
crystalline quality was not done.  
 
Figure 2. Characteristic X-ray diffraction curve of corn starch rich in amylopectin in which 
scattering and diffraction region, amorphous region and machine background are identified. 
 
Fig. 2 shows a characteristic X-ray diffraction curve “pattern” of corn rich in amylopectin. 
Usually, three regions are identified in a pattern: crystalline, amorphous, and noise (machine 
background). However, it is important to show that the region that has been used to describe 
the crystalline contribution of a nanocrystalline sample, is formed by scattering and 
diffraction contributions; this fact does not allow to determine each one of these signals 
independently. In fact, there is in the literature a paper called: “Separating diffraction from 
scattering: the million-dollar challenge” by (Laven, 2010), in which this is an instrumental 
and physics problem in different areas of physics in which both phenomena are present. 
Finally, according to Fig. 2, the regions can be defined in X-ray pattern of a nanoparticle 
sample: the scattering and diffraction region that involve information regarding the nano-size 
character of the crystals in the sample, the amorphous region, and the background. 
 
2.4. Theoretical framework: X ray diffraction in food science 
First, it is important to point out that in the case of X-ray diffraction using a single wavelength 
λ= 1.5406 Å, as is the case of powder X-ray diffraction; the resulting signal is called X-ray 
pattern or diffraction pattern. It is not a spectrum as has been reported elsewhere (Cheetham 
& Tao, 1988) because the incident beam is monochromatic (pattern), in the case of 
polychromatic its corresponds to an spectrum. 
The diffraction is a phenomenon defined as spatial energy redistribution because of the 
interaction of the wave with the matter where the space between its atoms is close to the 
incident wavelength. The geometrical configuration of maximum and minimums of the 
intensity of the radiation constitute an X-ray diffraction pattern. Therefore, the energy 
redistribution is associated with the geometry of the object, and it defines the pattern, which 
is the case of the X-ray radiation and the atomic arrangement of the matter (Kitel, 1996; 
Cullity & Stock, 2014). The X-ray diffraction by matter is a consequence of a combination 
of two phenomena. The first one is related to the scattering of individual atoms, and the 
second one is the interference between the waves scattered by these atoms.  The diffraction 
of X-ray takes place when the Bragg’s law is satisfied: 
 
𝑛𝜆 = 2𝑑sin𝜃,                                                     Eq. 1 
This law imposes conditions of the wavelength of the X-ray beam and the incidence angle. 
The way in which these parameters are mixed characterizes the diffraction method (e.g., 
Laue, rotating crystal, and powder) (Cullity & Stock, 2014).  
Nowadays, the most common diffraction method is the powder diffraction because it is a 
practical method that can be used when a single-crystal sample is not available, as is the case 
of the more often starchy materials.  In this case, the sample is reduced to a fine powder, each 
particle would be a crystal or assembly of smaller crystals, and they are randomly oriented 
concerning the optical axis. The result is that every set of planes will be able to diffract.  The 
relation between the peaks positions, intensity, and shape of the diffraction pattern is a mixing 
of the position of every single atom, as well as the length of lattice parameters. It means that 
any calculation of the intensity gets started with structure factor (Kitel, 1996; Cullity, & 
Stock, 2014) because it contains information about the atomic base of the crystal and the 
electronic density. In the case of starch material, it is still an issue as was mentioned above. 
Nonetheless, other factors affect the relative intensity of the diffraction peaks in the case of 
a powdered sample. These factors are polarization factor, structure factor, multiplicity factor, 
Lorenz factor, absorption factor, and temperature factor (Cullity, & Stock, 2014). Moreover, 
the diffraction peaks are modified by defects such as dislocations, vacancies, and atomic 
substitutions. The “size” of the crystal and strain are other parameters that alter the shape and 
width of the diffraction peaks (Cullity, & Stock, 2014).   
Furthermore, the scattering experiments are carried out in a variety of angular regions that 
are typically identified by the distance (R) between the sample and the detector.  Classical 
powder X-ray diffraction and scattering are run in the subarea of wide angle X-ray scattering 
(WAXS) where the parameter R is between 0.05-0.2 m, and it is focused on study the 
arrangement of chain segments in the case of the soft matter. Small-angle X-ray scattering 
(SAXS) is also a conventional configuration to investigate the soft matter. 
 
2.5. X-ray diffraction characterization   
WAXS measures of the isolated starches were carried out with a Rigaku-Ultima IV 
diffractometer. The operating conditions were 40 kV and 30 mA, CuKα radiation wavelength 
of λ=0.1540 nm, from 5 to 35° in a 2θ scale with a step size of 0.2°/min to obtain patterns 
with low noise. The powder samples were densely packed into an aluminum holder. X-ray 
diffraction patterns of powder samples of corn rich in amylose and corn rich in amylopectin 
from Sigma Aldrich were carried out as references. 
 
2.6. PDF-4 software to study the effect of the crystal size  
The effect of the crystal size on the X-ray curves has been studied in detail by using the PDF-
4 software. This software considers the peak shape analysis to provide information on crystal 
size and strain distributions of samples, as well as the Bragg intensities that gives information 
about possible preferred orientation and texture effects in powdered samples (Needham & 
Faber, 2003; Kabekkodu, Faber, & Fawcett, 2002). On the other hand,  a powder diffraction 
files (PDF) is required for the analysis of the effect of the crystal size on the X ray diffraction 
curve (Faber & Fawcett, 2002). The PDF-4 software requires the structural information of 
the material for the simulation. This information is provided for the PDF card or a 
Crystallographic Information File (CIF). 
 
 
 
3. Results 
3.1.Size effect on the X-ray diffraction curves and patterns 
In the case of diffraction in nanocrystals, the size governs the diffraction curve, originating 
broad peaks. The effect of the crystal size has been studied using PDF-4 and taking over 
there is no changes in the crystal structure.  
Fig. 3 shows the X-ray diffraction curves of corn starch rich in amylose and amylopectin, 
as well as the simulated curves of amylose considering the JCPDS card No. 43-1858. In 
this simulation, the crystal size effect on the X-ray diffraction curve for the orthorhombic 
amylose is simulated by changing the crystal size from 2 to 20 nm.  
 
Figure 3. X-ray diffraction curves and patterns of starch rich in amylose, starch rich in 
amylopectin, as well as the simulated patterns of amylose taking into account to crystal size 
for crystal between 2 to 20 nm. 
As can be seen in Fig. 3, the simulation exhibited curves with broad peaks for the smallest 
crystals due to that the main factor to have broad peaks is the X-ray scattering, this is because 
the crystal size of the sample is close to the incident wavelength; in this case, the CuKα 
radiation of the system. This simulation does not consider the amorphous contribution of the 
material.  
If the crystal size increase from 10 to 20 nm in the simulation, the broad peaks become 
defined due to the X-ray scattering decreases and the resulting diffracted peaks are the result 
of the X-ray diffraction in the crystalline structure of the amylose crystals. In this case, the 
resulting curves can be called X-ray diffraction patterns since the nanocrystal size does not 
affect the X-ray scattering process. 
 
3.2. Interpretation of the X-ray diffraction curves of isolated starches 
Fig. 4 shows the X-ray diffraction curves of starch rich in amylose and starch rich in 
amylopectin, as well as the simulated curve for amylose with a crystal size of 6 nm. 
Continued lines in this figure represent the diffracted peaks for amylose (PDF No. 43-1858). 
Here, it is evident that the crystal size plays an important role in the WAXS measurements.  
This simulation clearly shows that the reported X-ray diffraction curves for isolated starches, 
in fact correspond to nanocrystals, and they do not represent poly-crystals with low 
crystallinity as it has been reported in the literature (Imberty et al., 1998; Kainuma & French, 
1972).  These broad peaks in these curves are related to the existence of nanocrystals within 
the starch granules. Considering the JCPDS card No. 43-1858 for amylose, the simulation 
does not exhibit the peak located at a low angle of about 5.64° in 2 scale which is an 
indicative that this diffraction belongs to lamellar formations rather the crystal. 
 Figure 4. X-ray diffraction curves of corn starch rich amylose, corn rich in amylopectin 
and a simulated curve for amylose with 6 nm crystal size. The dash lines represent the 
diffracted peaks according to the JCPDS card No. 43-1858. 
In the case of crystals with size domain of micrometers, the X-ray diffraction curves of a 
sample represent the resulting pattern from the collection of diffraction peaks for powder 
diffraction are thin and well defined. While, in the case of the diffraction in nanocrystals 
(some multiples of the X-ray wavelength used), where X-ray scattering governs the shape 
and width of the peaks, these curves are composed of broad and overlapped peaks as was 
showed in the X-ray diffraction curves simulated for amylose (see Fig. 3).  
The technique used to obtain these curves or patterns was powder diffraction (WAXS); it 
means that all possible diffractions planes must be present. Patterns for amylose and 
amylopectin exhibit broad peaks, that do not necessary represent crystals with low crystalline 
quality. In the case of corn starch rich in amylose, a peak located at 5.64° in 2 scale was 
found, which is analyzed in detail in the next section (see dash ellipse in Fig. 5). This peak 
was reported by Cheetham & Tao, (1988), but the determination of the interplanar distance 
was not well calculated, and it was reported as 5.4 Å because they used 2 instead   for the 
calculation. However, they did not report any explanation about the origin of this peak.  This 
peak has also been reported for potato and pea starches that disappears when the starch is 
treated with ethanol at 95ºC (Dries, Gomand, Delcour, & Goderis, 2016), nonetheless, no 
physic explanation about the origin of this peak was provided. Rocha et al. (2011) reported 
a small peak at 5.5° at 2θ for cassava starch, which according to their conclusions, is typical 
for B-type starch; the same result was reported by Witt et al. (2012) for waxy potato starch 
(Eliana).  
As was mentioned before, most of the tubers and roots exhibit the X-ray diffraction curve 
characteristic of B-type with a characteristic peak located at 5.5 in 2θ scale (Zobel,1988), 
but this peak does not belong to the PDF reported for amylose; furthermore, the crystal 
structure has not been reported yet. 
 
3.1.The origin of the 5.64° in 2 scale 
The calculation of the interplanar distance for an orthorhombic crystalline structure that 
was reported for amylose by Imberty et al., 1988 can be done by using the well-known 
equation: 
1
𝑑ℎ𝑘𝑙
2 = ℎ
2𝑎∗2 + 𝑘2𝑏∗2 + 𝑙2𝑐∗2 + 2ℎ𝑘𝑎∗𝑏∗𝐶𝑜𝑠𝛾∗ + 2ℎ𝑙𝑎∗𝑐∗𝐶𝑜𝑠𝛽∗ + 2𝑘𝑙𝑏∗𝑐∗𝐶𝑜𝑠𝛼∗           
Eq. 2 
Where for an orthorhombic system: a, b, and c are the lattice parameters; a*, b*, c*, α*, *, 
and * are the reciprocal lattice parameters. Finally, h, k, and l are the Miller index (Kitel, 
1996). 
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Eq. 3 
Then,   
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Eq. 4 
These equations were used to obtain the JCPDS card No. 43-1858. This card is used in this 
work to identify the interplanar distance for a peak located at 5.64° in a 2 scale, and to 
propose the origin of the lamellar structures in starch. According to Eq. 4, the interplanar 
distance for this angle is 15.65 Å. This value corresponds to the stacking of the crystalline 
structures oriented in the [220] direction. In fact, the staking corresponds to repetitions of 
layers oriented in [220] with a separation of 3.862 Å (four layers). From a physics point of 
view, this result indicates that the amylose in these starches is forming lamellae, and it can 
explain the birefringence in starch granules reported by Jenkins & Donald, (1997) who have 
pointed out that birefringence requires nanocrystal orientation over a long range. About the 
crystalline structure of amylose and amylopectin, this is still an open problem. There is 
another JCPDS card No. 31-1536 for amylose (Pfannemüller, 1987), in which the authors 
described neither the crystalline structure and the indexation for each peak. However, they 
reported a peak located at 5.66° (2θ scale), that corresponds to d=15.60 Å. This peak has 
recently been reported for fermented cassava starch (Alonso-Gomez et al. 2016), which 
explains the origin of this peak as lamellae with d= 15.60 Å.  
 
The WAXS measurements of isolated starches from Jicama, plantain, Cassava, lentil, 
Peruvian bean, and corn-rich in amylopectin are shown in Fig. 5a, while the WAXS curves 
for starches from potato, achira, and corn-rich in amylose are displayed in Fig. 5b. The first 
group of diffraction curves corresponds to starches that have been classified as A-type, and 
the second group as B-type. In Fig. 5a, the presence of a peak located at 5.64 ° was detected, 
except for starch rich in amylopectin. As was mentioned before, the peak located at about 
5.64° has been reported as an indicative of a starch is B-type, but some starches which have 
been classified as A-type also have this peak. Then, the source where the starch is obtained 
and the presence of that low angle peak, are not indicative of the type of starch.  Moreover, 
the X-ray diffraction curves present in Fig. 5 correspond to nanocrystals by comparing with 
PDF-4 simulations (Fig. 3), and although the peak located at low angles was indexed by 
Lopez-Rubio et al. (2008), for a hexagonal crystalline structure as the (010) direction by a 
deconvolution process, it is due to the presence of lamellae which are a growing habit of the 
crystal. 
About the fitting process to obtain the structure of different starches (experimental patterns), 
Lopez-Rubio et al., (2008) were not able to achieve realistic results due to the high degree of 
fitting parameters. It is very important to point out that these patterns cannot be fitted with 
accurately because as it was proved before, these correspond to X-ray diffraction curves of 
nanocrystalline systems, where the broad peaks have more contribution from the scattering 
due to the crystal size than the X-ray diffraction phenomenon.  
 Figure 5. (a) X-ray diffraction curves of isolated starches:  Jicama, plantain, cassava, lentil, 
Peruvian bean, and corn rich in amylopectin, and (b) for potato, achira, and corn rich in 
amylose. 
4. Conclusions 
The study of the crystalline structure of starches from different botanical sources by X—ray 
diffraction is still an open issue according to the reported in the literature.  
The simulation of the effect of the crystal size on the shape and width for the WAXS 
measures in starches, showed clearly that the experimental so-called “X-ray diffraction 
patterns” of starches are governed by scattering phenomena originated by the nanocrystal 
size and by the amorphous contribution of the amylose and/or amylopectin fractions.  
The X-ray diffraction patterns deconvolution, peaks indexation, and baseline corrections 
used for different authors to characterize the type of starch do not make any physic sense 
because the process to calculate these parameter does not consider the scattering contribution 
coming from the crystal size that is close to X-ray wavelength.  
The peak located about 5.64° in the 2θ scale that was found in starches from potato, achira, 
cassava, jicama, Peruvian bean, lentil, and plantain, does not identify any type of starch from 
a crystallographic point of view. This peak could be one of the manners in which nature 
carries certain crystal growth; it could be the result of a lamellar formation (growing habit) 
of a crystalline structure.  The structure of a starch from any botanical source must be 
classified in one of the 14 Bravais lattice. So far, X-ray studies do not allow to classify any 
sample as A, B, C, or V polymorphism.  Nonetheless, physicochemical process can originate 
different polymorphism as is the case of monoclinic structure found during starch 
crystallization. As it is usual in the starch industry, a physicochemical treatment can give as 
a result a crystalline or amorphous material that also must have one of the 14 Bravais lattices. 
The term “complex” that has been used to identify V-type starch must satisfy this rule. 
Considering the discussion, in the case of X-ray diffraction curves for starches, they 
correspond to curves that identified nanoparticles, and then the calculation of the crystalline 
percent and crystalline quality cannot be done. The crystalline quality can be obtained by an 
in-depth analysis of the TEM images in the Fourier space. 
The polymorphism, as well as the crystalline structures in starches are still an open question 
that requires a deep analysis to avoid any misunderstanding in the starch structure 
classification. It is necessary to define the crystalline structure taking in to account the 
Bravais lattices.  
Monoclinic, orthorhombic, and hexagonal crystal systems have been reported for starches 
from different botanical sources, but only the orthorhombic one has an indexed powder 
diffraction file (PDF) to identify the diffracted peaks in an X-ray diffraction pattern without 
considering the effect of the crystal size. Nevertheless, diffraction peaks of isolated starches 
with any of the above-mentioned crystal system are indistinctly indexed using this unique 
PDF.  
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